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SUMMARY

Landing loads on the X-15 research airplane were investigated to determine
the effects of the aerodynamic loads on the main-gear loads and of control-system
inputs on the horizontal-tail aerodynamic loads. Study of the landing data
indicated that conventional control-system inputs increase the down loads on the
horizontal tail, which results in additional loads on the main gear. The fol-
lowing two methods were devised which effectively reduced the horizontal-tail
deflections and the resulting landing-gear loads at touchdown: (1) automatically
disengaging the stability augmentation system at main-gear touchdown and (2)
reducing pilot inputs after main-gear touchdown. The data further indicate that
landing without using flaps results in a down load on the wing during the second
reaction, thus increasing the main-gear loads.

A review of the main-gear loads shows that the gear is satisfactory for
typical landings but the loads may be excessive if the negative attitude of the
airplane after nose-gear touchdown is increased.

INTRODUCTION

The X-15 airplane, unlike conventional aircraft, experiences a second reac-
tion on the main gear at landing that is much more severe than the initial impact
reaction. This is attributed to a combination of several factors: (1) the loca-
tion of the main gear far rearward of the center of gravity and directly under
the horizontal tail (ref. 1) so that aerodynamic down loads on the tail are
transmitted to the main gear, (2) the uncontrolled pitch rotation ebout the main
gear which abruptly reduces the wing 1lift, and (3) the high inertial loads of the
airplane as it rotates back onto the main gear after nose-gear touchdown.

On several X-15 landings, the main-gear load has approached the ultimate
limit. Previous studies of the landing dynamics of the aircraft (refs. 2 and 3)
indicated that the severity of the main-gear second reaction could be reduced by
minimizing the aerodynamic down loads on the horizontal tail after touchdown.



In order to assess the effects of the aerodynamic factors that contribute
to the main-gear loads on the X-15 airplane, main-gear, horizontal-tail, and wing
loads were measured during landings of the airplane. The control-system
contribution to the aerodynamic loads on the horizontal tail during landings was
also investigated. The results of these investigations are presented and dis-
cussed in this paper. Methods for reducing the loads are described, and data are
presented from landings in which these methods were used.

SYMBOLS

Fq main-gear shock-strut force, 1b

Fy horizontal-tail aerodynamic load, 1lb

Fy main-gear vertical ground reaction, 1b

X SAS gain, surface deflection per rate input, deg/deg/sec

Ly, wing aerodynamic load, 1b

q pitching velocity, deg/sec

a dynamic pressure, 1lb/sq ft

Oty time interval between initial main-gear contact and nose-gear
contact, sec

v indicated airspeed, knots

a angle of attack, deg

Sh total horizontal-stabilizer deflection, positive when leading edge up,
deg

6hpilot horizontal-stabilizer deflection resulting from pilot command, deg

ShSAS horizontal-stabilizer deflection commanded by the stability augmen-
tation system, deg

e pitch-attitude angle, deg

ATRPLANE

The X-15 airplane and landing-gear system are described in detail in
reference 3; physical characteristics are presented in table I. Briefly, the
vehicle (figs. 1 and 2) is a rocket-powered research aircraft equipped with a
landing-gear system consisting of a non-steerable full-castering nose gear
located well forward of the airplane center of gravity and skid-type main gear



located well to the rear under the tail. The unusual nature of the skid-type
gear is shown by the sketch of the main gear in figure 3. The wing is equipped
with conventional landing flaps.

The basic X-15 aerodynamic control system (ref. 4) is an irreversible
hydraulic system. The horizontal control surfaces deflect asymmetrically for
roll control and symmetrically for pitch control. Directional control is pro-
vided by upper and lower vertical stabilizers consisting of a fixed and a movable
portion. All aerodynamic control surfaces are actuated by hydraulic actuators
which are mechanically linked to the pilot's control stick. The horizontal
surfaces are rate-limited at 26 degrees per second.

A stability augmentation system (SAS) was incorporated to improve the
handling qualities of the basic airplane. A representative block diagram of the
damping system and corresponding components is shown in figure 4. A detailed
description of an X-15 stability augmentation system and its operating character-
istics are presented in references 4 and 5. Basically, the system provides
increased damping about all three airplane axes by sensing the rate of rotation
about each axis and deflecting the control surfaces to produce a damping moment.
The pilot and SAS commands are summed in a mechanical walking-beam arrangement
to command the surface-actuator response. At any given instant the total sur-
face deflection is the sum of pilot commands and augmentation-system commands,
if the surfaces are not rate-limited.

INSTRUMENTATION AND DATA REDUCTION

The following pertinent quantities were recorded on NASA internal recording
instruments which were synchronized by a common timer:

Airspeed

Angle of attack

Piteh attitude

Pitch rate

Main-gear shock-strut force
Horizontal-tail position
Horizontal-tail aerodynamic load
Wing aerodynamic load

Longitudinal control-stick position
SAS servo displacement

Airspeed and angle-of-attack data were obtained from the X-15 flow-direction
sensor in the nose of the aircraft. Pitch rate, which ranged from -28 degrees
per second to 28 degrees per second, was obtained by use of a rate gyro. The
positions of the control surface, control stick, and SAS servo were measured by
potentiometers.

The strain gages on the main-gear bellcrank arms were calibrated to yield
the axial load on the shock-strut cylinder (fig. 3). The strain gages on the
left and right horizontal-tail spindles and on the right wing spars and skin were
calibrated to measure shear, bending moment, and torque at the root station of



the respective surfaces. The loads on the surfaces were obtained by the method
discussed in reference 6. A detailed description of the X-15 landing-gear
instrumentation is given in reference 3.

To record the quantities being measured, standard galvanometer recording
instruments were used which were synchronized at 0.l-second intervals to a common
timer. The natural frequency and damping ratio of the recorders were 20 cps
and 0.64, respectively. The natural frequencies of the gyro sensors were greater
than 20 cps. Recordings were accurate within *2 percent of the full-scale
readings.

The horizontal-tail and wing loads were calculated by using wind-tunnel
aerodynamic data which were presented as the variation of 1lift coefficient with
angle of attack for flaps and gear up and for flaps and gear down in the presence
of the ground plane. The X-15 angle of attack measured by airborne instruments
is unreliable during landing; therefore, the measured airplane pitch-attitude
angle is used.

RESULTS AND DISCUSSION

To determine the effect of the aerodynamic loads and the control-system
contribution to the main-gear landing loads, 77 landings of the X-15 aircraft
were reviewed. Similar piloting technigues were used on all of these landings;
however, one landing was made without flaps as the result of a system malfunc-
tion. Because of insufficient data and similarity of landing conditions, not
all of the investigated landings are discussed.

The X-15 landing approach is made at an indicated airspeed of approximately
300 knots. Immediately preceding the flare for touchdown, the flaps and gear
are lowered. The touchdown occurs at an average airspeed of 188 knots with a
sink rate of approximately 4 fps.

A summary of measured quantities from the landings is presented in tables II
and IIT. Included are the maximum gquantities for the first main-gear reaction
and second main-gear reaction, as well as pretouchdown conditions including
weight and sinking speed.

X-15 Landing Sequence

The influence of the main-gear location on the landing loads is shown by the
schematic sketches of figure 5. Figure 5(a) indicates the down load on the main
gear at touchdown produced by inertias and the negative horizontal-tail deflection
required for landing. After the initial touchdown the airplane pitches down
rapidly, since the horizontal tail, which is located over the main gear, offers
no restraint on the rotation. As the airplane rotates onto the nose gear to a
negative attitude, the down load on the horizontal tail is increased further and
the 1ift on the wing is decreased (figs. 5(b) to 5(d)). In addition, inputs
from the pilot and the stability augmentation system during the rotation onto
the nose gear result in an increased horizontal-tail down load. Thus, the
increased down load on the tail and the reduced up load on the wing, in
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combination with high inertial forces as the airplane rotates back onto the main
gear after nose-gear impact (fig. 5(e)), result in a main-gear second reaction
more severe than the reaction experienced during the initial touchdown.

Control-System Contribution to Horizontal-Tail Loads

The main-gear second reaction is shown for a typical landing in figure 6.
A typical landing is one in which the down load on the horizontal tail increases
to a maximum during nose-gear impact and the wing 1lift with flaps decreases
abruptly as the airplane rotates onto the nose gear. The peak at 0.4 second
indicates the first reaction of the main gear, which is caused primarily by the
inertial loads at touchdown. The severity of the main-gear second reaction
(maximum peak) is attributed to the combined loading conditions noted previously.

Immediately before touchdown, the pilot commands a leading-edge-down
horizontal-surface deflection of 5.5° to maintain the desired angle of attack.
Immediately following skid contact, the nose-down pitch rate is sensed by the S5AS
gyro which commands a surface deflection to oppose the pitch rate. Also, as the
aircraft rotates downward, the pilot instinctively pulls back on the control
stick in an attempt to reduce the nose-gear impact velocity.

The technique used to land the X-15 has little or nc effect on the pitch
rotation because of the relative locations of the main gear, the center of
gravity, and the horizontal-stabilizer center of pressure. No moment about the
airplane center of gravity is produced by deflecting the horizontal surfaces
after the main gear is on the ground. The only significant result is the addi-
tion of a load on the main gear as a result of the downward-acting aerodynamic
tail load.

The maximum surface deflection of -20° occurs approximately at nose-gear
impact. Of this 20°, 16° was applied after main-gear touchdown. The maximum
SAS command of 13° occurs at nose-gear impact. The surface deflection commanded
by the pilot at nose-gear contact is approximately 10°. Because the surface
actuator is functioning at its rate 1limit for a short period just prior to nose-
gear touchdown, the total maximum surface deflection commanded by the pilot and
the SAS is not obtained.

The maximum horizontal-stabilizer surface deflections from several X-15
landings are presented in figure 7. The surface deflection is shown as a func-
tion of the SAS gain and meximum pitch rate. The difference between the meas-
ured and the calculated data is an indication of pilot contribution to the
horizontal-stabilizer deflections during the landings. The general trend of high
surface deflection for correspondingly high SAS gains and pitch rates is
apparent.

Figure 8 shows the relationship between the horizontal-stabilizer deflection
and the resulting aerodynamic loading. These data represent the maximum value of
aerodynamic loading on the horizontal tail at nose-gear touchdown. The calcula-
tions were made by using X-15 wind-tunnel data for the aircraft in a landing
configuration (flaps and gear lowered in the presence of the ground plane). An
angle of attack of 0° was used to conform with nose-gear touchdown.



As expected, the tail load increases with stabilizer deflection. By
removing the surface deflections which occur after main-gear touchdown, the ratio

F
of horizontal-tail load to dynamic pressure ﬁg could be reduced to about 35.
q

The maximum total load on the main landing gear could be reduced if the control-
system inputs causing the undesirable deflections were minimized.

Methods for Reducing Control-System Effects

The following two methods of reducing the control-system inputs during the
landing were investigated:

(1) Automatically disengaging the stability augmentation system at main-
gear touchdown.

(2) Avoiding or reversing the normal direction of the longitudinal control
inputs by the pilot after initial touchdown.

A high-gain landing of the X-15 aircraft was made during which the pilot was
instructed to push forward on the control stick immediately after main-gear
contact. The stability augmentation system was also mechanized to automatically
disengage at main-gear touchdown. The results of this landing are presented in
figure 9. The tail load at initial touchdown is approximately the same as that
required for a typical landing (fig. 6). During rotation following initial
touchdown, the down load on the tail increased as in a typical landing. For
this landing (fig. 9), the third peak in the shock-strut load is the main-gear
second reaction. The airplane touched the ground lightly, skipped, and then
achieved a solid touchdown, which resulted in two peaks in the initial touchdown
data.

The stability augmentation system automatically disengaged at approximately
0.8 second after main-gear touchdown. Thus, there were no inputs from the system
at the time of nose-gear impact. The data show that, immediately after main-gear
touchdown, the pilot instinctively pulled back before he pushed forward on the
control stick. He did, however, move the control stick forward fast encugh so
that the horizontal stabilizer reached a leading-edge-up deflection at nose-gear
impact. Following nose-gear impact, the horizontal-tail load became an up load
which decreased the main-gear second reaction to 34,700 pounds, compared with
43,300 pounds for a typical landing.

The upward component of aerodynamic load on the horizontal stabilizer after
nose-gear impact was sufficiently large, combined with the stored energy in the
compressed gear system, to momentarily 1lift the main gear off the ground.
Although the main-gear lift-off was undesirable during this phase of the landing,
the results showed that this method could reduce the tail loads.

On a subsequent landing, the pilot was requested to release the control
stick following main-gear contact rather than to push forward. The results of
this landing are presented in figure 10(a). The pilot inadvertently pulled back
on the control stick before releasing it; thus, the surface deflection was not
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neutralized before nose-gear impact. The total surface deflection was, however,
appreciably lower than is normal at nose-gear touchdown. On this landing, the
stability augmentation system was automatically disengaged shortly after main-
gear touchdown and the input to the horizontal surfaces was zero at nose-gear
impact. The total surface deflection at nose-gear touchdown was only -b,5°, or
approximately the same as before touchdown. This reduction is significant in
comparison to the -20° deflection for the landing shown in figure 6. The maximum
main-gear load for this flight is 36,000 pounds, compared to 43,300 pounds for a
typical flight.

Figure 10(b) is a time history of a landing in which the pilot released the
control stick at main-gear touchdown. The stability augmentation system was
automatically disengaged, and very little input was made by the pilot after main-
gear touchdown. The tail load was approximately 2,000 pounds less than the tail
loads experienced at nose-gear touchdown in the typical landing shown in fig-
ure 6. This landing technique resulted in maximum main-gear loads of
35,500 pounds.

Data from these two landings (figs. 10(a) and 10(b)) show that gear loads
can be lowered by reducing control-system inputs immediately following main-gear
touchdown.

Effect of Wing Loads

Landing without the use of flaps decreases the angle of zero lift, which
results in negative 1lift in the nose-down attitude; the increased landing speed
associated with a no-flaps landing further increases the down loads on the wing.
These two factors result in a net increase in main-gear load, which can be seen
by comparing the data of figures 6 and 11. The wing lift for the no-flaps
landing (fig. 11) followed a trend similar to that of a typical landing with
flaps (fig. 6). The 1lift at touchdown, which is affected by the touchdown condi-
tions (table III), is approximately the same for the two landings. The wing 1lift
then decreases as the airplane rotates onto the nose gear. However, the wing
lift for the no-flaps landing became a down load after nose-gear touchdown;
whereas, the 1lift for the typical, or flaps landing, remained an up load. The
down load on the wing for the no-flaps landing contributed to an increase in the
main-gear second reaction, as indicated by a comparison of the shock-strut force
of 66,500 pounds in figure 11 with that of 43,300 pounds in figure 6. The
landing data after the time of maximum main-gear load are unreliable in fig-
ure 11, inasmuch as the ultimate load of the main gear was exceeded. It should
be noted that the effect of wing 1ift on the main-gear load cannot be seen
directly, since magnitudes and rates of increase of tail load were not identical.

Wing loads at maximum main-gear load are shown as a function of touchdown
velocity in figure 12. The measured data are within an area bounded by the
calculated curves for « = 0° and @ = -4°, which are representative of the
X-15 airplane attitude at maximum main-gear load. Thus, the 1lift with flaps at
maximum main-gear loads produces an up load which increases with velocity;
whereas, a down load results if flaps are not used. If the attitude angle is
decreased from -4° to -6° (as it would be if the lengths of the main-gear struts
were increased), a wing down load results which would cause a more severe load



on the main gear than experienced on the present configuration. For this atti-
tude, the landing loads for a no-flaps condition would exceed the present

landing-gear structural limits.

Main-Gear Loads

Maximum main-gear loads (second reaction) are shown as a function of touch-
down velocity in figure 13 for 16 landings. The sum of the calculated tail and
wing loads for these flights is presented for comparison. Also shown is the
ultimate load for the present X-15 main gear. The main-gear loads for typical
landings vary between 7,500 pounds and 10,200 pounds (open circles). For many
landings, the main-gear loads approach the ultimate limit. The landing made
without flaps (solid symbols) caused a negative 1ift on the wing at nose-gear
impact. This, together with a large down load on the horizontal tail, resulted
in a main-gear load of at least 11,500 pounds, which exceeded the main-gear
ultimate load. The landings made with flaps (flagged circles) in which the
control inputs were reduced resulted in the lowest main-gear loads experienced
with the ailrplane. These reduced loads verify the importance of decreasing the
aerodynamic forces affecting the landing-gear loads.

CONCLUSIONS

Landing loads on the X-15 research airplane were investigated to determine
the effects of the aerodynamic loads on the main-gear loads and of control-system
inputs on the horizontal-tail aerodynamic loads. The results of this investiga-
tion show that:

1. Conventional control-system inputs and resulting horizontal-talil loads
which occurred after main-gear touchdown produced additional loads on the main
landing gear.

2. The aerodynamic loading on the horizontal-tail surfaces was minimized
by (a) automatically disengaging the stability augmentation system as the main
gear came in contact with the ground and (b) minimizing the pilot's control
input after main-gear touchdown.

3. When these revised landing methods were used, the maximum main-gear
load was significantly reduced.

4. The main gear was satisfactory for landings in which flaps were used;
however, loads were experienced that approached the main-gear ultimate load.
Landing without flaps decreased the wing 1ift, thus greatly increasing the main-
gear loads.

5. Any geometric change which increases the negative pitch attitude after
nose-gear touchdown will result in increased main-gear loads which may exceed
the present structural limits of the X-15 main gear.

Flight Research Center,
National Aeronautics and Space Administration,
Edwards, Calif., August 5, 1963.
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE X-15 AIRPLANE

Wing:
Airfoil section . . . . .
Total area (includes 94 98 sq ft covered by fuselage), sq ft
Span, ft . . . . e . . . . .
Mean aerodynamic chord ft e e e e e e e e e
Root chord, ft . . .+ « v ¢ o ¢ v v o 000
Tip chord, ft . . « « « ¢« v ¢ v v o o o oo

Taper ratio . . « . . . . .

Aspect ratio . . . .
Sweep at 25-percent- chord llne, deg .
Incidence, deg . . .

Dihedral, deg . . . e e e e e e e e e e
Aerodynamlc twist, deg
Flap -

TYPE o ¢ ¢ v o v o v v v e e e e e e e e e e s
Area (each), sq ft

Span (each), ft . « « « « v v v v v 0o v
Inboard chord, ft . . . . . . . . . .
Outboard chord, ft . . .

Deflection, down (nominal design), deg . . . .
Ratio flap chord to wing chord

Ratio total flap area to wing area . . . . . .
Ratio flap span to wing semispan . . . . . . .
Trailing-edge angle, deg . . . e e e e e

Sweepback angle of hinge line, deg

Horizontal tail:
Airfoil section .

Total area (includes 63 29 sq ft covered by fuselage)

Span, ft . . . .

Mean aerodynamic chord ft ..
Root chord, ft . . « « ¢« « ¢ « o o ..
Tip chord, ft . . « « « ¢ « « ¢ « « o
Taper ratio . .

Aspect ratio . . . e v e
Sweep at 25-percent- chord llne, deg e e
Dihedral, deg . . ..
Ratio horizontal- tall area to w1ng area .
Movable surface area, sq ft . . . . . « « . . . .
Deflection -
Longitudinal, up, deg . « « « + « « ¢ o+ & « +
Longitudinal, down, deg . . . e e e e e

Lateral differential (pilot authorlty) deg . .
Lateral differential (autopilot authorlty) deg .
Control system . . . . + « ¢« « .

Upper vertical tail:
Airfoil section « « « « «+ ¢« o v 4 0 0 0 e
Total area, sq ft . « « « « « « + « + .
Span, ft . . . . e e e e e e .
Mean aerodynamic chord ft e e e e e e e e e e s
Root chord, ft C e e e e e e e e e e e e
Tip chord, ft . . . « « « o « v ¢ « v ¢ 0 .
Taper ratio . « « « « ¢« ¢ ¢ v v 0 0 0 e e e e e
Aspect ratio . . . e e e e e e e
Sweep at 25-percent- chord llne, deg « « « .+« .

5q

ft

NACA 66005 (modified)
C e e e 200
22.36

10.27

e e 14.91
e e e 2.98
e e e e 0.20
2.50

25.64

c e e e 0
e e e 0
0

Plain

8.30

k.50

2.61

.. 1.08
Original Present
40 32

C e e e 0.22
¢ e e e 0.08
0.40

5.67

0

NACA 66005 (modified)

115.34

18.08

7.05

10.22

2.11

0.21

e e e 2.83
e e e 45
e e e e -15
e e e s .. - 0.58
.. 51.77

. 15

e e e 35
e e e e 15
£30

Irreversible hydraulic boost w1th art1f1c1al feel

. 10° single wedge

40.91

.. 4.58

.. 8.95

e e e e 10.21
e e e e 7.56
e e e e 0.74
e e 0.51
e e 23.41



TABLE I.- PHYSICAL CHARACTERISTICS OF THE X-15 ATIRPLANE - Concluded

Ratio vertical-tail area to wing area . . . « + ¢ ¢ « ¢« 4 ¢« o e 4 e e
Movable surface area, sq ft . . . . « & ¢« o 0 0 0 e e 0 0w e e e e e
Deflection, deg . . . e e e e e e e e e e e e e e e e e e e e e e
Sweepback of hinge llne, deg e e e e e s e e e s e e e e e e e e

0.20
26.45
1. 50

Control system . . . e o + « +« « « Irreversible hydraulic boost w1th artlflclal feel

Lower vertical tail:

ALTTOILl SECLION « « « « v o v o o o ¢ & o + o o o & o o« s s+ o« « « o o 10° single wedge

Total ared, S Tt ¢ o v o o v o o & o v 4 4 e e e 4 s e e e e e e e e e e s
Span, ft . . . . e e e e e e e e e e e e e e e e e e e e e

Mean aerodynamic chord i v

Root chord, f£ . « & ¢« v v v v v v 0 v v v v s e e e e e e e e e e e e e e
Tip chord, £L . ¢ « ¢ v o v v o o v o e i e e e e e e e e e e e e e e e e
Taper ratio o o v v ¢ v o o v 4 s e e s e e e s e s e e e s e e e e s
Aspect ratio . . . .. e e e e e e e e e e e e e

Sweep at 25-percent- chord llne, AEZ v v v v e e e e e e e e e e e e e e e e
Ratio vertical-tail area to wing area . . « . « ¢« ¢ « ¢« ¢« ¢ « « o o o
Movable surface area, sq ft . « ¢« « ¢ ¢ v ¢« v 0 o b i 0 e e e e e e e e e
Deflection, e + v « o o o v o o o o o 4 o s 0 e s 4w e e e 4 e e e e e e
Sweepback of hinge llne, deg e e e e e e e e e e e e e e e e e e e e e e

34 .41

. 3.83
. 9.17
. 10.21
8

0.78

. 0.43
. 23.41
. 0.17
. 19.95
. +7.50
0

Control system . . . . « « « +« « Irreversible hydraulic boost with artificial feel

Fuselage:
Length, £ . + ¢ v v ¢ v v o o v v 4 o o 4 o 4 e e s e e s e e e e
Maximum width, £t . « ¢ ¢ ¢ ¢« ¢ v 0 o ¢« o h i e e e e e e e e e e e e e e
Maximum depth, ft . . . . e e e e e s s e v e e e e e e e e s e e e
Maximum depth over canopy, ft e e e e e e e e e e e e e e e e s
Side area (total), SA TT v « « « v 4 ¢ b e e v e e e e e e e e e e e e e
Fineness 7ati0 ¢ o ¢« ¢ o v o 4 v e e e e e e e e b e e e e e e e e s s e e

Main landing gear:

4g.17

. 7.33
. 4,67
. k.97
215.66

. 10.91

TYDE + « = ¢ « o « « 4 o o o o et s e v e e o+ Two (6 in. wide, 3 ft long) skids

Shock SETUL « « + « o ¢ o o + + « « + o « « + « « « + » Oleopneumatic (inside

Original
Strut inflation pressure, (fully extended) = 750
Shock-strut stroke, in. e e e e e e e e e e e e e e 2.577
Tread distance (no load), ft e e e e e e e e e e e e e e e e e 7.03

Nose landing gear:
Tire TYPE + o o o o o+ v o o 4 o« 4 o 4 e 4 e s 4 e e w e e e e e e
Tire size, IM. « & o v o « o o o o o s s 4 s 4 e 44 e e e e e e e s
Ply rating .« o o ¢ o ¢ ¢ ¢ o s s s s s s e e e e s s s e e e e e e e e s
Rolling radius, in. e e e e e e e e e e e e e e e e e e e e e e e

fuselage)
Present
1,200
3.58

7.3k

. VIT
.18 x bJh
8

: 8

WheelsS o v o o o o o + o s o s o« o o s o o s o o o s s s« o o o« o+ o+ « Dual, corotating

Tire pressure, PSL + & ¢« o v v 4 4 e e e o e e s e e e e e e e e e e e e

185

Shock SETUt o v v o « o + o o o o o & o & s & o s a« s o o s o« o s « o« o« - Oleopneumatic

Shock-strat inflation pressure (fully extended), psi . . . « « « « o « o
Shock-strut stroke, in. e e e e e e e e e e e e e e e e e e e e e e e e

Moments of inertia (based on average landing weight of 14,500 1b):
Ix, SIUG-TE2 v v 4 o o o b e e e e e e e e e e e e e e e e e e e e e
Iy, slug-.f‘t2 T T T T
L
Tygs, SIUG-FEZ o o o v v e e e e e e e e e e e e e

184
. 18

3,600
83,500

. 85,100
500
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Figure 5.- X-15 landing sequence showing conditions leading
to second main-gear reaction.
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Airplane nose up 20

q, deg/sec O \\
20 1 i 1 |

Airplane nose up 20

8, deg (o] 8 ’\

Leading edge up 20
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20 i I\ 1 1
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2O 1 L i L
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O ] L - 1
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Down load  8x103— ' ' '
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Time after initial touchdown. sec

Figure 6.- Typical X-15 landing using wing flaps. Nose-gear touchdown
at Aty = 1.35 sec (flight 1-30-51).
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Figure 7.- Horizontal-stabilizer deflection as a function of SAS gain and
pitch rate (trim &y = 0°).
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Figure 9.- X-15 landing in which horizontal-tail down loads were decreased
by programing control inputs. Nose-gear touchdown at Aty = 1.48 sec
(flight 3-12-22).
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Figure 10.- X-15 landing in which SAS automatically disengaged dampers and pilot
released control stick after main-gear touchdown.
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Figure 11.- X-15 landing performed without using wing flaps. Nose-gear
touchdown at At, = 0.40 sec (flight 2-31-52).
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